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Search Dictionary : Jat least 

AT LEAST: Dictionary Entry and Meaning 

WordNet Dictionary 

Definition: 1. [advl not less than; "at least two hours studying the manual"; "a tumor at least as big as an orange" 

2 adv] if nothing else; "at least he survived"; "they felt-at any rate Jim felt-relieved though still wary ; the Influ- 
economists-or at any rate of economics-is far-reaching"; {'leastwise' is informal; Meastways' is colloquial) 

Synonyms: at any rate, at the least, leastways, leastwise 
Antonyms: at most, at the most 
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For purification or drying applications, we offer two products; 
SILIPORITE® molecular sieves and Acticarbone™ activated carbon. 



SILIPORITE Molecular sieves, also known in the industry as "mol sieves", 
are synthetic zeolites or metal alumino silicates with a porous tridimensional 
cristallized network. "Molecular sieves" or "desiccants" (common word used 
only for the insulating glass market) are so called because of their property of 
screeing molecules at the molecular scale. Molecular sieves differ from other 
adsorbents such as silica gel or activated alumina which have very wide 
pore distributions. Molecular sieves have regular pore sizes. Based on the 
pore size, they are called 3, 4, 5, or 10 Angstroms although the real pore 
opening is somewhat smaller to these values. 



Call us at 800-346-5757 or just click on Contact Us for further information. 
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Headquartered in Philadelphia, Pennsylvania, Atofina Chemicals, Inc., employs 
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2,600 people and produces high-performance chemicals and polymers. The 
Company reported sales in 2003 of $1 .5 billion. Atofina Chemicals, Inc., is part of 
Atofina , a world-scale chemicals activity, with 61,200 employees and 2003 sales of 
$19.5 billion (EUR17.3 billion). Atofina is the chemicals branch of Total (NYSE: 
TOT), the world's 4th largest oil and gas company, with 121,500 employees and 
2003 sales of $1 1 8.3 billion (EUR1 04.6 billion). 

On February 19, 2004, Total presented a project to reorganize its Chemicals 
Branch, based on the establishment, alongside Petrochemicals, Specialties and 
Fertilizers, of a new decentralized organization, which would eventually become 
independent. This new structure, provisionally called CIP, would consolidate the 
Chlorochemicals, Intermediates and Performance Products assets of the present 
Atofina. 

Atofina Chemicals, Inc., Copyright 2004. All rights reserved. 
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Welcome to the premier Adsorbents source. We have a broad range of Adsorbents products and services which can be sourced 
using this comprehensive vertical portal dedicated to helping in research and purchasing. 



Thomas Register Di rectory : Materials : Pesiccants 



• Silica Gel Dehydrators 

• Silica Gels 

• Sorbents 

Show All 32 Desiccants Categories ^ 

Page.1 

Displaying 1 - 25 of 46 companies for the search term: Adsorbents 



AGM Container Controls, Inc. - Tucson, AZ - Adsorbents, 
desiccants, molecular sieves, activated aluminas, blue indicating 
& white silica gels & activated clay. FDA approved. All materials 
meet applicable industrial & military standards. Available bulk or 
bagged. Humidity indicating cards. ISO 9001:2000 certified.... 
Website 
Press Releases: 

• Breathing Dessicators Take Pressure Off Sealed Enclosures 

Sphinx Adsorbents, inc. - Springfield. MA - Complete 
Stock Of Molecular Sieves, Activated Aluminas, Blue Indicating & 
White Silica Gels & Activated Clay. All Materials Meet Applicable 
Industrial & Military Standards. Available In Bulk Or 
Bagged 4 WtQ 
Website | Product Catalog 
Press Releases: 

• Indicating Desiccant Environmentally-Safe and Effective 

• Hygroscopic Breathers Prevent Lubrication System 
Contamination 



Below are some of our most requested Desiccants categories. Click to view... 

• Absorbents • Carbon Adsorbers 

• Adsorbents ■ Dehydrating Agents 

• Adsorbers • Desiccators 

• Bagged Desiccants • Moisture Absorbents 



Adsorbents & Desiccants Corp. Of America - Los 
Angeles, CA - Mfr. & dist. of adsorbents, desiccants, silica gel, 
activated alumina, molecular sieve, activated charcoal, 
dehydrators/dryers, instrument gas purifiers, moisture indicating 
desiccants, packaging & power circuit breaker desiccant bags, 
chromatography supplies & environmental control 
systems ? EXWWDEDWFO 
Website 



Graver Techno l ogies. Inc. - Glasgow, DE - Trace 
Contaminant Removal From Process Water & Other Fluids. 
ECOSRB Clean, Dust-Free Particle Filtration Media Uses PAC & 
4 IX Resins For Pre-Coat Applications. GRAVEX & POWDEX Ion 
Exchange Resins. Geneva Carbon Block Filters Outperform GAC 
Filter Cartridges... 
Website 



PQ Corp. - Valley Forge, PA - Mfr. Of Sodium Silicates, 
Potassium Silicates, Sodium Metasilicates, Zeolites, Zeolite 
Catalysts, Silica Catalysts & Supports, Silica Gel, Magnesium 
Sulfate, Aluminum Sulfate, Magnesium 

WebSite 



MEi- Fleming ton, NJ - Arsenic Remove, Catalyst 
Preparations, Absorbents, Absorbents, Ion Exchange Pigments, 
6 Ceramic Preparations Serving Water & Ceramic Industries 
Amoung Many Others... 
Website 



Multisorb Technologies. Inc. - Buffalo, NY - Packaged, 
7 Molded, Preformed, Capsulated & Paper Desiccants For 

Maintaining Low Relative Humidity In Refrigerants, Dehydrated 
Foods, Pharmaceuticals, Electronic & Other Instruments... 
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Website 

Sphinx Adsorbents. Inc. -- Angola, IN - Complete Stock Of 
Molecular Sieves, Activated Aluminas, Blue Indicating & White 
8 Silica Gels & Activated Clay. All Materials Meet Applicable 
Industrial & Military Standards. Available In Bulk Or Bagged... 



MSG Industrial Supply Co. - Melville, NY - Supplier Of 450,000 
Products From 2,500 Mfrs.: Cutting/Machine/Hand/Power Tools, 
MRO Supplies, Abrasives, Fasteners, Precision Instruments, 
9 Machinery, Electrical Supplies, Safety Equipment, HVAC, 
Welding, Hose, Tubing, Fittings, Material Handling, Pumps, 
Power Transmission, Janitorial; Same Day Ship... 



AIRMATIC Inc. - Philadelphia, PA - INDUSERVE Distributor 
With Safety Products Plus Janitorial Products, Cutting Tools, 
Fluids & Lubricants, Power & Hand Tools; Full-Line Of MRO & 
Shop Supplies From 600 Suppliers For Industrial, Commercial & 
Construction... 



Porex Porous Products Group - Fairburn, GA - Bicomponent 
Fiber Components For Absorbent Reservoirs, Liquid Transfer, 
1 1 Filtration Or Membrane Support. Specializing In Custom Blending 
Materials To Meet OEM Specs... 
Website 

Barnebev & Sutcliffe Corp. - Columbus. OH - Over 100 Different 
Grades Manufactured From Coconut Shell, Coal & Wood. 
Granular, Pelletized & Pulverized Types Available, Mfr. Of Carbon 
Adsorption Equipment, Technical Support & Application 
Assistance Available,.. 
Website 
Press Releases: 

• Bamebey Sutcliffe Introduces Durable New GDC Filter 

Drvtech. Inc. -- Cookstown, NJ - Desiccators, Dehydrators & 
Humidity Controls For Protection Of Electronics, Optics, 

1 3 Packaging, Computers & Telecommunications. Quality Systems: 
Mil-l-45208; ISO 9000 Under Certification... 

Website 

S ud-Chemie P ^rJarmapce. Packaging - Belen, NM - Mfr. 
Developer Of Complete Range Of Moisture Control Applications 
Including Pharmaceutical Desiccants; Activated Clay, Molecular 

14 Sieve, & Silica Gel Desiccants; "Drop-In" Style Desiccant Bags, 
Packets, & Canisters; Tubes & Desiccant Stoppers; Aqueous 
Liquid Absorbers... 

Website | Product Catalog 

Munters Corp. - Amesbury, MA - Products & Services For 
Humidity Control In Industrial, Commercial, Residential & 
Agricultural Applications. The Operations Are: Dehumidification, 
Moisture Control Services, Evaporative Cooling/Humidification, 
Mist & VOC Elimination. ISO 9001 Certified... 
Website 
1( . Press Releases: 

• Glacier-cor Now Offers Redesigned Evaporative Cooling Fogger 
Pad 

• Munters New Integrated Custom Air Handler (ICA) Combines a 
Superior Custom Air Handler with Expertise In Applying Desiccant 
Technology 

■ Munters' New Exactaire System Monitors HVAC Equipment On 
Job Sites, issues System Failures Alerts 



Bry-Air Inc. - Sunbury, OH - Desiccant Dehumidifiers & 
Complete Environmental Control Systems To Maintain Precise 
Humidity & Temperature Levels... 
16 Website 

Press Releases: 

• Bry-Air Systems to Unveil New Resin Drying System and 
Controller at NPE 2003 
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R.S.E. Inc. - New Baltimore, Ml - Mfrs. Of Activated Carbon 
Filters. Commercial & Industrial Applications, Refi liable & 

17 Disposable Modules, Many Different Media & Materials Available. 
Designed To Specs.... 

Visile 

James Dawson Enterprises (USA). Inc. -- Pittsburgh, NY ~ Silica 
Gel Can Adsorb 40 Percent Of Its Own Weight In Water, Alcohols 

18 & Hydrocarbons, Available In Either Bulk Or Bagged & Indicating 
Or Non-Indicating Forms... 

W eb site 

Hammond. W. A.. Drierite Co.. Ltd. - Xenia. OH - Industrial & 
Laboratory Grade Desiccants For Drying Solids, Organic Liquids, 
& Gases. Efficient, Non-Toxic, Non-Hazardous, Non-Wetting, 

19 Neutral, Inert, & Regenerative. Contains No Aluminum. Indicating 
Desiccant Changes Color To Indicate Exhaustion. Granule Sizes 
From 4 Mesh To 200 Mesh. Custom Dryin... 

Website 



D-Mark. Inc. - Chesterfield, Ml - Carbon Web® & OdorGuard® 
Activated Carbon Air Filters. Panels, Pads Pleats, Ring Panels & 
Rolls For HVAC, Air Cleaners & Appliances... 
20 W ebS i t e 

Press Releases: 

- D-Mark Offers New Odorguard® Pleated Fitters 
• D-Mark Offers New Carbonweb® Roil Media 



TIGG Corp. - Bridgeville, PA - Mfr. Of Over 70 Standard Modular 
Adsorbers For Purification Of Air, Water, & Process Streams. 
Many Available From Stock. Systems, Custom Designs... 
Website 



Amrep - MRO Products Group - Marietta, GA - i-Chem Is A 
Complete Line Of Industrial Chemical Products Available. 
Designed For The Maintenance Professional, The Line Includes 
Cleaners, Degreasers, Lubricants, Adhesives, & Specialty 
Products... 
Website 



Whitney W orldwid e. Inc. - St. Paul, MN -- 3M Corrosion Control 
Adsorber Paper "Scavenges" & Neutralizes Harmful Airbone 
Chemical Compounds... 

w ebs i te 



C-Chem. A Div. Of Molecular Products, inc. - Lafayette, CO - 
Mfr. Of Impregnated Coconut Shell Carbons For Water & Air 
Treatment Applications Including Breathing Respirators & Water 
Filter Systems. ISO 9001 Registered. Custom Design & 
Manufacturing To Customer Specs.... 
Website 



Nucon International. Inc. -- Columbus, OH - ... 



Common mispells: adsorbent, adsorbet, adsorbnt, adsorent, adsobent, adsrbent, adorbent, asorbent, adsolbent, adsorbents, adsorbemts, adsorbenst, 
adsorbetns, adsorbnets 



Copyright ©2004 Thomas Publishing - Copyright/D isclaimer - Contact Us 

Powered by Thoma sReaister.c om the most comprehensive online resource for finding companies and products manufactured in North America. Visit 
ThomasRegister.com today and place orders online, view and download millions of Computer Aided Design (CAD) drawings, view thousands of online 
company catalogs and websites, and browse fujly-hosted catalogs provided by Catalog Navigator . 

When you face a crisis, Thomas Register gives you a wide range of options. 

When a critical component or piece of equipment fails, someone picks up a Thomas Register and starts looking for answers. Having a direct line to 1 73,000 
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U.S. and Canadian manufacturers makes almost anything seem possible. Our Can't Find It? Information Center is available to all Thomas Register members 
who are unable to locate the exact product/service or company information they need. The Can't Find It? Service can be found at ThomasNet.com. Our 
Information Center will respond to your inquiry by e-mail, fax, or mail depending on the information you have provided. 
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Moisture trapped within a product package or leaking into it 
during storage and shipping can cause many harmful effects. 
The stability of many pharmaceutical formulations and 
diagnostic reagents, as well as the maintenance of their 
physical product integrity, is often closely tied to the moisture 
conditions of the package environment. In unsterilized or poorly 
sterilized situations, moisture can promote the growth of mold, 
mildew and fungus. Products using some polymers are prone 
to swelling in high humidity conditions as intermolecular 
bonding between polymer chains can be weakened by the 
presence of water. In some cases water can become an 
integral part of the bulk crystal structure of a product through 
the formation of hydrates. If a solid is very water soluble, such 
as a sugar coating, and the right conditions exist, dissolution 
into the sorbed layer can trigger irreversible water uptake and 
subsequent deliquescence. The solution - proper selection of 
the right desiccant can be inexpensive insurance for protecting 
your packaged product. Product quality can be improved, 
resulting in reduced or eliminated customer rejections. 
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When dealing with moisture problems in packaging, a wide 
array of variables can make it difficult or confusing to develop 
solutions. These variables can be classified into two main 
groups: 1) those pertaining to the product, its package, and the 
environment; 2) the physical and chemical properties of 
commercially available desiccants. 

Environment 

The conditions under which the product is packaged, stored 
and shipped must all be thoroughly considered when designing 
for moisture control. Temperature and relative humidity are two 
of the most influential environmental factors. At the time of 
packaging, the product becomes sealed at the conditions of the 
packaging room. The air trapped in the package is the first 
source of moisture which we will consider. 

The moisture content of the air can be defined by its relative 
humidity. Relative humidity is the ratio of the quantity of water 
vapor actually present in the air to the quantity which would 
saturate the air at the existing temperature. Table 21 shows the 
saturated vapor pressure of water in air at various 
temperatures. Relative humidity (RH) is then equal to the partial 
pressure of water vapor actually present in the air (P) divided 
by the saturated vapor pressure (Psat) expressed as a 
percentage: 

P/PSat = RH 

For example, when the weather report gives the relative 
humidity at 60%, at a temperature of 90°F, we know that 
P/PSat = 0.60. In Table 1 , we find that Psat at 90° F is 0.698 
PSIA. Thus, we can calculate the actual vapor pressure of 
water: 

P = RH X Psat = 0.60 x 0.698 PSIA = 0.419 PSIA 

Why would calculating the actual vapor pressure of water be 
important? If you seal the container on that particular day, the 
water content of the container is then fixed. 



Table 1 Multisorb Technologies, Inc. 
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1.1688 


1.5704 


68 


0.339 


0.4891 


108 


1.2035 


1.6141 


69 


0.35084 


0.5052 


109 


1.239 


1.6588 


110 


1.2754 


1.7046 


131 


2.2838 


2.9438 


111 


1.3128 


1.7515 


132 


2.3452 


3.0179 


112 


1.351 


1.7993 


133 


2.4081 


3.0936 


113 


1.3902 


1.8483 


134 


2.4725 


3.171 


114 


1.4305 


1.8985 


135 


2.5382 


3.2487 


115 


1.4717 


1.9498 


136 


2.6055 


3.3303 


116 


1.5139 


2.0022 


137 


2.6743 


3.4125 


117 


1.5571 


2.0558 


138 


2.7446 


3.4964 


118 


1.6014 


2.116 


139 


2.8165 


2.582 


119 


1.6468 


2.1667 


140 


2.89 


3.6693 


120 


1.6933 


2.2241 


141 


2.9651 


3.7584 


121 


1.7409 


2.2826 


142 


3.00419 


3.8494 


122 


1.7897 


2.3426 


143 


3.1204 


3.9421 


123 


1.8396 


2.4038 


144 


3.2006 


4.0368 


124 


1.8907 


2.4663 


145 


3.2825 


4.1332 


125 


1.943 


2.5302 


146 


3.3662 


4.2316 


126 


1.9966 


2.5956 


147 


3.4517 


4.3320 


127 


2.0514 


2.6623 


148 


3.539 


4.4342 


128 


2.1075 


2.7304 


149 


3.6282 


4.5385 


129 


2.1649 


2.8000 


150 


3.7194 


4.645 


130 


2.2237 


2.8712 


151 


3.8124 


4.7533 



Looking at Table 1 , as the temperature drops, the saturation 
water vapor pressure decreases. The temperature at which the 
actual vapor pressure equals the saturated vapor pressure is 
called the dewpoint. Any additional drop in temperature will 
result in dew formations. The amount of water in the air has 
then exceeded the saturation point and the additional water is 
"squeezed out" as condensation. 

In the case above, the dewpoint is between 74° and 75°F 
(found by matching the water vapor pressure calculated above, 
0.419 PSIA, to the corresponding dewpoint temperature). The 
most moisture vapor the air can hold without condensation at 
this dewpoint is about 0.6 grams per cubic foot of air (Table 1). 
If the temperature is reduced to 50° F, the air can only hold 
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about 0.27 grams per cubic foot. The result, with no desiccant, 
would be that 0.33 grams per cubic foot of air (0.60-0.27) would 
be squeezed out as condensation. 

Condensation occurring within your packaged product is 
usually the worst case scenario. This case provides the most 
dramatic visual observations of the effects of moisture damage. 
In most cases the packaging expert is concerned with 
maintaining the moisture level below some threshold level, 
usually substantially lower than where condensation occurs, 
where the stability of the product or other components 
becomes affected. An effective desiccant will adsorb water 
vapor from the air in a package, lowering the relative humidity 
to the point where condensation will no longer occur or the 
threshold relative humidity is never exceeded under the 
conditions which the package will be exposed. 

How much water should be removed by the desiccant from the 
package? The answer depends upon many variables. For 
instance, under a given set of humidity and temperature 
conditions how much water will be taken up by the product? 
How fast is the water taken up? What is the mechanism by 
which the moisture harms the product? Can these effects be 
reversed by drying? What are the effects of over-drying the 
product? What are the properties of other packaging 
components? Can they interact, in the presence of moisture, to 
alter the performance of the product? These questions are 
usually answered through empirical study. 

In most cases, designing the package and the desiccant to 
maintain an internal relative humidity of 10-12% at normal room 
temperature conditions of about 70°F, will provide adequate 
protection. It is strongly suggested that the desiccant supplier 
be contacted to discuss the elements of the package and the 
level of protection required. 

Packaging and Product Water Sources 

During transport and storage, moisture can accumulate in the 
package by: 1) being emitted from the dunnage (wood, felt, 
foam, paper, etc.) used to support or retain the product: 2) by 
being emitted from the product itself: 3) by entering slowly 
through the protective barrier of the package. 

In a closed package, the desiccant will work to adsorb moisture 
from all sources. Some plastics (such as nylon), foams, paper, 
wood, felt, cotton and polyester can all contain moisture. Wood, 
cotton and paper can hold 14% or more, and some foams up to 
10%. The moisture contained in these materials can be emitted 
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into the air as the desiccant dries the air space around it or as 
the temperature increases. The quantity of desiccant used 
must account for the water which can be emitted from these 
sources. How much of the water contained in these sources will 
ultimately be adsorbed by the desiccant depends upon: how 
strongly the moisture is bound by that source (chemisorption or 
physical adsorption); the type of desiccant and quantity used; 
how much water has already been adsorbed by the desiccant; 
and the temperature. 

For instance, suppose the product is retained by a cotton coil. 
The cotton typically contains 5-10% moisture by weight. Much 
of the moisture contained in the cotton is relatively loosely 
bound. As the desiccant in the container adsorbs moisture from 
the airspace, moisture is then given up by the cotton to the 
airspace in an attempt to reach a new equilibrium. This process 
will continue until an overall equilibrium is reached between the 
desiccant, cotton coil and the airspace. The desiccant adsorbs 
moisture much more strongly than the cotton (comparing their 
heats of adsorption/desorption) and will continue to dry out the 
cotton until it is either saturated or no more moisture is 
available. 

A well-designed package is usually protected by a barrier film, 
such as polyethylene, preferably with a low moisture vapor 
transmission rate (MVTR). The MVTR of the barrier depends 
upon the type and thickness of the materials used and the 
external environmental conditions. Table 2 provides the MVTR 
for a number of barrier materials. Knowing the MVTR (in grams 
of water per square foot per day), the total surface area of the 
barrier (package surface area) and the length of time in 
storage, you can calculate the amount of moisture penetrating 
the package over time. This moisture must also be removed by 
the desiccant to protect against possible condensation within 
the package or damage to the product due to the high humidity. 



Table 2 





MV TR* 


Material 


gm/m 2 -day 


gm/f^-day 


Aluminum Foil Wrapping 0.025 mm 


0.5 


0.05 


Aluminum Foil Wrapping 0.009mm 


1.0 


0.09 


Cellulose Films ('Cellophane*) 
400's MXXT Grade 
(Poly vinylidene Chloride Coated) 
Polyvinylidene/Polyvinyl Chloride Films 
('Saran') 0.005 cm (0.002 in) 


1.5 


0.14 
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Poly vinylidene/Poly vinyl Chloride Films 
( oaran ) u.uui o cm (u.uuud in) 


3.0 


0.28 


Polyethylene Films ('Polythene') 
0.0125cm (0.005in) 
waxeQ raper 

(45.5 kg (100 lb) per DC Ream) 


4.0 


0.37 


^enuioac r iimt> ^ i^cuopndne ) 
300's MSAT Grade 
(Cellulose Nitrate Coated) 


7.5 


0.70 


Glassine Lacquered 

(16 kg (351b) per DC Ream) 


9.0 


0.84 


Polyethylene Film 
('Polythene') 0.005 cm (0.002) in) 


10.0 


0.93 


Polyethylene Film ('Polythene') 
0.0025 cm (0.001 in) 


20.0 


1.86 


Polyethylene Coated Kraft 
(9kg (20 lb) per DC Ream) 


30.0 


2.79 



'Determined at 100°F and 90% RH 



Moisture can leak into the product container even with a highly 
effective moisture barrier, such as glass. In a bottle type 
package, the moisture leaking through the bottle/cap joint is 
often the single largest source of moisture. The MVTR of a 
bottle/cap arrangement is often evaluated by using a known 
weight of desiccant, having a known moisture content, which is 
placed into a bottle. The cap is then affixed under the same 
conditions for all samples. The bottle is then placed in a 
controlled atmosphere (typically 20° C and 75% RH) and the 
amount of moisture pick-up by the desiccant measured as a 
function of time. The MVTR is then specific to that bottle/cap 
combination. The MVTR will change as the size of the bottle 
changes. Larger bottles have more surface area exposed for 
MVTR. Finish sizes can vary between bottles of the same or 
different volumes (larger finishes provide more potential for 
moisture leakage), and the materials of construction can vary 
(wax seals, foil seals, phenolic caps, metal caps, etc.) 

Desiccant Selection 

It is important to understand how the desiccant does its job of 
protecting the product. Most porous adsorbents, such as silica 
gel, activated clay or molecular sieves rely upon physical 
adsorption rather than chemisorption to accomplish their 
function. Physical adsorption involves relatively weak 
intermolecular forces (van der Waals forces and electrostatic 
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interactions) between the moisture and surface of the 
desiccant. Chemisorbents, such as calcium oxide, involve an 
actual chemical bond. Physical adsorption of moisture is 
typically exothermic. The strength of the adsorptive bonds can 
thus be measured by the heat of adsorption. The higher the 
heat of adsorption for moisture on the desiccant, the stronger 
the bonding and the less easily that moisture can be 
subsequently removed. 

In a porous desiccant, water is removed from the airspace by: 
1) multilayer adsorption, which is the attraction of thin layers of 
water molecules to the surface of the desiccant. Because the 
desiccant is very porous, the surface area is high and 
significant amounts of water can be attracted and adsorbed; 2) 
by capillary condensation in which the smaller pores become 
filled with water. Capillary condensation occurs because the 
saturation water vapor pressure in a small pore is reduced by 
the effect of surface tension. 

Capillary condensation cannot only occur in the adsorbent but 
in the small pores or crevices of your product as well. The 
harmful results of moisture condensation can potentially occur 
in some products at humidity levels below that which might be 
predicted by looking at the bulk airspace of the package. 

Figure 1: Adsorption 
Rate (H 2 0) of Various 

Adsorbents 



45 




i i * * • « t i I w n « 



TME&f HOURS 



Figure 2: Equilibrium 
Capacity (H 2 0) of 

Various Adsorbents 
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Figure 3: Equilibrium 
H 2 0 Capacity 



ANOItficHOMI 




TEMPERATURE, * P. 



To this point, we have determined the amount of moisture 
which must be removed from the air in the package, the 
dunnage, the product itself and from moisture penetrating 
through the barrier. By comparing the capabilities of each type 
of desiccant and the needs of the package for protection, 
proper selection of the desiccant can be made. 

Figures 1, 2 and 3 illustrate comparative desiccant properties. 
Figure 1 shows adsorption rates - how quickly the desiccant 
adsorbs water vapor inside the package. Figure 2 compares 
equilibrium adsorption capacity - how much water vapor can be 
adsorbed by the desiccant at various relative humidities. It is 
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important to note that the equilibrium moisture capacity of the 
desiccant in a package is defined by the relative humidity you 
chose as a threshold limit, not by stating humidity conditions of 
the packaging room. Figure 3 compares adsorptive capacities 
of desiccants at various temperatures. 

The desiccant properties in Figure 3 become particularly 
important during shipping and handling of the package. For 
example, a product is packaged in a typical room at 77°F and 
40% relative humidity. Clay has an equilibrium capacity of 
about 17.5 weight percent (17.5 grams of water adsorbed per 
100 grams of clay - Figure 2 and 3) at these conditions. Let's 
assume the quantity of desiccant used is just sufficient to 
adsorb the moisture from the airspace, dunnage, etc. and is 
now saturated. The product is shipped in a poorly ventilated 
truck on a sunny day where the package temperature 
increases to 100°F. Under these conditions, the clay's 
equilibrium adsorption capacity is now only wt.% or less (Figure 
3). The excess water, which the clay can no longer hold, is 
desorbed into the airspace of the package. The package is 
then unloaded onto an unheated receiving dock, where the 
temperature is now only 50°F. As the clay cools, it readsorbs 
the water. Being a good insulator, however, it does not usually 
cool as quickly as the package itself. The result is the potential 
for condensation within the package - even though none 
occurred prior to shipment and no additional water was 
introduced into the package during shipment. Proper selection 
of the type and quantity of desiccant used can avoid this type of 
problem. For instance, molecular sieve's capacity for water 
adsorption is very good, and changes very little under these 
conditions. 

Table 3 summarizes the general capabilities of molecular 
sieves, silica gel, montmorillonite clay, calcium oxide and 
calcium sulfate. It is up to the packaging engineer to decide 
which properties of the desiccant are important to his 
packaging situation and to select the appropriate desiccant. 

Montmorillonite Clay 

Montmorillonite Clay is a naturally occurring porous adsorbent. 
The mined clay is activated for use as a desiccant through 
careful drying. This clay will successfully regenerate for 
repeated use at very low temperatures without substantial 
deterioration or swelling. However, this property causes clay to 
desorb moisture readily back into the container as 
temperatures rise. Clay is inexpensive and effective within 
normal temperature and relative humidity ranges (Table 3) . 
Some variation in performance can be seen due to its source 
as a naturally occurring material. 
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Care should be taken to be sure that any low level impurities in 
the clay are not incompatible with the packaged product. 



Table 3: 


Properties of Adsorbents 


Property 


Molecular 
Sieve 


Silica 
Gel 


Montmor- 
illonite Clay 


CaO 


CaSO, 


Adsorptive 

At low H 2 0 
Concentrations 


Excellent 


Poor 


Fair 


Excellent 


Good 


Rate of 
Adsorption 


Excellent 


Good 


Good 


Poor 


Good 


Capacity For 
Water @77° F, 
40% RH 


High 


High 


Medium 


High 


Low 


Separation by 
Molecular Sizes 


Yes 


No 


No 


No 


No 


Adsorptive 
Capacity 
Elevated 
Temperatures 


Excellent 


Poor 


Poor 


Good 


Good 



Silica Gel 

The most commonly used desiccant in the pharmaceutical 
industry is silica gel. Silica gel is a partially dehydrated form of 
polymeric colloidal silicic acid. Silica gel has an amorphous 
microporous structure with a distribution of pore opening sizes 
of roughly 3-60 angstroms. These inter-connected pores form a 
vast surface area that will attract and hold water by adsorption 
and capillary condensation, allowing silica gel to adsorb up to 
40% of its weight in water. Silica gel is extremely efficient at 
temperatures below 77°F (25°C) (see Figures 1 and 2 ). but will 
lose some of its adsorbing capacity as temperatures begin to 
rise, much like clay ( Figure 3 ). Much of silica gel's popularity is 
due to its non-corrosive, non-toxic nature and its having 
received U.S. government approval for use in food and drug 
packaging. 

Silica gel can also be impregnated with a cobalt chloride 
indicator which changes from blue to pink when about 6% 
water by weight has been adsorbed. An indicating desiccant is 
particularly useful as a quick visual aid in determining whether 
the desiccant has been exposed to significant quantities of 
moisture. 
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As with clay, silica gel, with its wide range of pore sizes, has 
the capability of adsorbing compounds other than water. The 
relative order of adsorbability is: water, ammonia, alcohols, 
aromatics, diolefins, olefins and paraffins. When the potential 
for multicomponent adsorption is present, expect the more 
strongly adsorbed compounds, such as water, to displace the 
more weakly held ones. 

Molecular Sieve (Synthetic Zeolite) 

Molecular sieves are porous crystalline aluminosilicates. The 
distinctive feature of the molecular sieve structure, as 
compared to the other desiccants, is the uniformity of the pore 
size openings in the crystal lattice structure. There is no pore 
size distribution with molecular sieves. This feature allows the 
selection of a molecular sieve product which can adsorb water, 
yet exclude most other molecules, such as volatile organics, 
which might be present in the package. For example, Type 3A 
molecular sieve's structure, with a 3 angstrom pore opening, 
allows moisture adsorption, but excludes most hydrocarbons. 
Type 4A molecular sieve has a slightly higher moisture 
capacity, but adsorbs molecules as large as butane. Type 13X 
molecular sieve has a different crystal structure from the types 
3A and 4A, and has a pore opening of about 10 angstroms. 
This allows for the adsorption of a wide range of organic 
molecules as well as moisture. The selective adsorption 
characteristics of molecular sieves can be useful when it is 
necessary to dry a package without removing other desirable 
compounds from the system. 

Molecular sieves adsorb moisture more strongly than either 
silica gel or clay. This can be seen by the high initial slope of 
the adsorption isotherm for molecular sieve as compared to the 
other desiccants ( Figure 2 ). This can also be seen in 
comparing their heats of adsorption for water. The heat of 
adsorption is the sum of the latent heat of vaporization of water 
and the heat of wetting. The heat of wetting will vary as a 
function of the saturation level of the desiccant. For purposes of 
comparison, the heat of adsorption for water on molecular 
sieve is about 1800 BTU/lb. of water adsorbed, as compared to 
1300 BTU/lb. of water adsorbed on silica gel. Clay is roughly 
similar to silica gel in this respect. What does this mean? 
Where a very low relative humidity is required, molecular sieves 
are often the most economic desiccant because of their high 
adsorption capacity at low relative humidity. Also, molecular 
sieves will not desorb moisture into the package as readily as 
silica gel or clay as temperatures rise ( Figure 3 ). This is 
particularly important to packaged products which can 
potentially see a wide variety of environmental conditions. 
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Being man-made rather than naturally occurring, molecular 
sieve is slightly higher in cost per unit, but due to its extremely 
large range of adsorptive capabilities, it might often be the best 
value. Lack of government approval for the use of molecular 
sieves in food and drug packaging has limited its more 
widespread use. Independent testing suggest that molecular 
sieves meet government requirements. Presumably, however, 
the industry has been unwilling to fund the expensive testing 
required for government approval. 

Calcium Oxide (CaO) 

Calcium oxide is calcinated or recalcinated lime having a 
moisture adsorptive capacity of not less than 28.5% by weight. 
The distinguishing features of calcium oxide (also known as 
Quick Lime) are: it will adsorb a much greater amount of water 
at low relative humidity than other materials ( Figure 2 ): it is 
effective in retaining moisture at high temperatures; and it is 
relatively inexpensive as compared to many other desiccants. 

Calcium oxide removes water from a package very slowly, 
often taking days to reach its maximum capacity. As calcium 
oxide adsorbs moisture, it swells. Proper desiccant packaging 
is required for effective use. For these reasons, its use has 
been limited to primarily the packaging of dehydrated foods. 

Calcium Sulfate (CaS04) 

Calcium sulfate (better known commercially as Drierite™) is 
created by the controlled dehydration of gypsum. It is a general 
purpose desiccant geared mainly toward laboratory use. It is 
chemically stable, non-disintegrating, non-toxic, non-corrosive 
and does not release its adsorbed water easily when exposed 
to higher ambient temperatures. The low cost of calcium sulfate 
must be weighed against its equally low adsorptive capacity; it 
adsorbs only up to 10% of its weight in water vapor ( Figure 2 ). 

Other Adsorbents 

Other adsorbents are available for specialized functions. For 
example, activated alumina is another porous desiccant which 
performs very similarly to silica gel, providing somewhat lower 
moisture capacity at low temperatures, but slightly improved 
capacity at higher temperatures. Activated carbon has long 
been used as an adsorbent for odor and toxic gases. Other 
metal salts and phosphorous compounds have also been used 
in special situations. 

Cover Stock (Desiccant Package Material) 

An important factor in the efficiency of the selected desiccant is 
the container material (cover stock) for the desiccant. The 
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cover stock must allow the desiccant to do its job without 
harming the product. This means maintaining an acceptable 
adsorption rate while conforming to the product's dusting, 
chemical compatibility and size requirements. The selected 
desiccant's adsorption rate is greatly affected by the water 
vapor transmission rate of its cover stock. This is the measure 
of the gain or loss of water vapor through the package of the 
bagged desiccant. 

By their nature, many pharmaceutical and diagnostic products 
require a non-dusting desiccant bag container. Most paper and 
other non-woven cover stocks allow dusting. While dealing with 
dusting requirements, the packaging engineer encounters 
another problem: in preventing the release of dust into the 
container, the water vapor transmission rate may also be 
adversely affected. 

The search for an appropriate cover stock led Multisorb 
Technologies, Inc. to the development of desiccant packages 
using a spunbonded, high density polyethylene material known 
commercially as Tyvek®. Created by DuPont, Tyvek resembles 
a waxy paper with good whiteness, exceptional strength, 
maintains its size and shape with changes in humidity and can 
be used in food and drug packaging. It will not allow dust to be 
released into the container, is resistant to staining and mildew 
growth and will not reduce the adsorption rate of the desiccant 
it holds. 

When Tyvek is sealed with a thermoplastic lamination (a 
coating requiring heat and pressure to seal the package 
closed), it may lose part of its permeability. These coatings are 
also solvent or water based and can be vaporized into the 
airspace of the package. It is possible that direct contact with 
this type of desiccant package or the out-gassed products 
could be harmful to the product being protected. Thus, 
Multisorb Technologies developed and patented a process that 
will heat seal the bag by joining Tyvek directly to itself, the 
MINIPAX™ product, with no adverse effect on the adsorption 
rate. As no heat seal coating is used, many concerns can be 
eliminated. The unique window in the back of the packet also 
allows you to use an indicating desiccant to tell when its 
moisture adsorption capacity has been reached. 

Your Choice 

A sealed package without desiccant runs the risk of moisture 
damage. Even a good moisture barrier and stringent packaging 
conditions do not eliminate this problem. Once the air within the 
container reaches its dewpoint or some critical relative 
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humidity, such as in a cold truck, warehouse or in overseas 
shipment, moisture damage will occur. 

Carefully consider the sources and quantity of moisture, the 
level of moisture protection needed and then select the 
desiccant and desiccant package which best fits your needs. It 
is inexpensive insurance to protect valuable product. 
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